A rare case of massive pulmonary embolism is presented in an oligosymptomatic teenager with predisposing factors. Computed tomography pulmonary angiography supported by three-dimensional reconstruction was diagnostic. The embolus qualified as massive by conventional anatomical guidelines, but as low risk by more recent functional criteria. Functional assessment has complemented morphologic assessment for risk stratification in adult patients. Such evidence is scarce in pediatrics. The patient underwent surgical embolectomy, followed by prophylactic anticoagulation, without further events. Diagnostic and management challenges are discussed.
Introduction
Pulmonary embolism (PE) in pediatrics is rare but potentially fatal. 1, 2 It has been suggested that the index of suspicion in young patients with stable hemodynamics should be low. 3 However, PE in pediatrics is likely underdiagnosed. The incidence in autopsy series was 4.2%. 1, 4 Mortality and morbidity even in non-high-risk patients are significant. 1, 2, 5, 6 For risk stratification in adult patients, functional assessment (hemodynamics, right ventricular [RV] function, and biomarkers) has replaced anatomic assessment (clot size). 3, [5] [6] [7] Such evidence in pediatrics is scarce.
Case
A mildly obese 15-year-old female presented with a one-day history of sudden onset of chest pain and dyspnea. Her medical history was remarkable for ulcerative colitis without recent relapse, hospital admissions, or surgery. Medications included prednisone (15 mg daily) and estrogen-containing oral contraceptives. Heart rate and blood pressure were stable. Electrocardiogram (ECG) and chest X-ray were unremarkable. A large saddle PE with near complete obstruction of both branches was suspected by echocardiography in spite of low clinical probability according to both the Wells and the revised Geneva scores. 5, 8, 9 The heart was structurally normal as was the global biventricular function. But the RV free wall motion was dyskinetic compared to the apex (positive McConnell sign). 10 The PE was confirmed and further delineated by two-and three-dimensional (3D) computed tomography pulmonary angiography (CTPA; Figures 1-3 ). D-Dimers were 7010 mg/L (normal <500; low mortality risk <1500 mg/L). 4 Troponin I and N-terminal prohormone of brain natriuretic peptide (BNP) were within normal limits. Computed tomography derived vascular obstruction index (CTVOI) was 0.68 (range: 0-1; the higher the more obstruction). 6, 11 The PE Prognostic Severity Index (PESI) was 56 (low risk 65). 6, 12 Doppler vascular ultrasound for deep vein thrombosis and workup for coagulopathy were negative, including antithrombin III, protein C, and S activity; fibrinogen, plasminogen, homocysteine, and lipoprotein (a) levels; prothrombin, factor V Leiden, or MTHFR mutations; and lupus anticoagulant or anticardiolipin antibodies. The patient underwent urgent pulmonary artery embolectomy via mid-sternotomy using bicaval cardiopulmonary bypass. An extensive 7 Â 2 cm organized thrombus was extracted ( Figure 4) . Recovery was uneventful. Prednisone was replaced by mercaptopurine. She was advised to lose weight and avoid estrogen-containing contraceptives. Anticoagulation was initiated with low-molecular-weight heparin for three months to be followed by oral anticoagulation as secondary prophylaxis depending on her weight loss success and the status of the inflammatory bowel disease. A repeat CTPA after four weeks remained negative. The follow-up is 12 months.
Discussion
Pulmonary embolism in children and adolescents is easily missed, especially in oligosymptomatic patients. 1 Estrogencontaining oral contraceptives, obesity, inflammatory bowel disease, and steroid therapy are known predisposing factors for PE. Although none of them are considered strong, accumulation of factors is likely to increase odds. 5, 7 Clinical probability scores and D-dimer estimation lack utility in the diagnosis in children. 13 Only 10% of adult patients with low Wells or Geneva scores in fact have PE. 5, 8, 9 Sensitivity and negative predictive value of the McConnell sign are low, but specificity and positive predictive value (PPV) are 100%. 2, 7 The CTPA has emerged as the preferred diagnostic test with a specificity of 96%. [5] [6] [7] 14 But its PPV is only 58% in adult patients with low Wells or Geneva scores.
14 Risk factor assessment is important to guide the appropriate use of CTPA in children. 15 Three-dimensional CTPA reconstruction is increasingly used but less validated. Although potentially deceptive in unexperienced hands, it was helpful and more intuitive than conventional analyses in our patient.
In general, high-risk patients (massive PE, hemodynamically unstable) will go for rescue surgery. Non-high-risk patients (submassive PE, hemodynamically stable) will receive anticoagulation. 3, 5, 7 Decision-making for patients in between may remain challenging, especially in pediatrics. 2 By classic anatomic criteria (size and proximal location), the patient qualified as high-risk requiring surgical embolectomy. This assessment was supported by elevated D-dimer levels and a high CTVOI, a composite of the number of segmental pulmonary arteries affected and the degree of obstruction. 4, 11 The CTVOI has received renewed attention, especially with the increasing use of 3D CTPA. 5, 6 By more recent function-based guidelines (normotensive, normal RV function, negative ECG, BNP, and troponin), she qualified as low-risk justifying anticoagulation. 5, 6 This assessment was supported by a low PESI class, a clinical risk prediction score based on the demographics, vital signs, and preexisting risk. 3, 6, 12 Data in pediatrics are scarce to support risk stratification based exclusively on the functional criteria. Assessment based on the RV dysfunction is limited by the lack of universally accepted criteria. 5 A primary surgical approach for massive pulmonary emboli even in hemodynamically stable patients may at times still be justified [16] [17] [18] [19] as Mortality due to PE in children is higher (about 8.9%-10%) than in adults (1.1%). [1] [2] [3] All-cause mortality is 21.4% and 5.4% to 11.2%, respectively. 1, 3, 17 Fatal outcome within one hour after the onset of symptoms has been reported in 10% of the cases. 5 Mortality due to anticoagulation in children is also higher (3.6%) than in adults (0.2%). 1, 3 Major hemorrhage on Figure 1 . The CTPA, axial projection. Two-(A) and three-dimensional (B) reconstruction. Large saddle pulmonary embolus (arrows). *Left atrial roof. CTPA indicates computed tomography pulmonary angiography; PA, pulmonary artery.
anticoagulation occurs in 21.8% and in up to 40% in children on thrombolysis. 1, 2, 5 Incomplete resolution in bilateral PE with medical management in children occurs in 31% to 52%. 1, 2 Contemporary surgical techniques in busy programs have been shown to carry a low risk with immediate effect and excellent long-term results, especially in young patients who usually present without surgical comorbidity. [16] [17] [18] [19] Sometimes, the procedure can be performed off bypass, without hypothermia, aortic crossclamping, or cardioplegic arrest. 3 
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